Reaction of [Ru(OAc) 2 (PPh 3 ) 2 ] with a P-functionalized imidazolium bromide easily affords a cationic abnormal carbene Ru system. Metalation with Ag 2 O yields a Ru-Ag complex containing an anionic dicarbene ligand, while subsequent transmetalation with Au(tht)Cl leads to the corresponding Ru-Au system. The bimetallic complexes were characterized by single crystal X-ray diffraction and are the first examples of complexes bearing anionic dicarbene ligands connecting two different d-block elements.
ligands exhibit unique features with respect to stability, donor strength and steric requirements, leading to several coordination modes (Fig. 1) .
While the normal carbene coordination (NHC) still remains predominant in transition metal complexes, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] the abnormal coordination mode (aNHC) was first reported by Crabtree in 2001, 13 and several derivatives were isolated subsequently. 14, 15 For Ru only a few aNHC-species have been described, [16] [17] [18] [19] [20] [21] and some display high catalytic activity in transfer hydrogenation. 17 Compared to NHCs, the aNHC ligands show stronger σ-donating properties and therefore are complementary ligands of widespread relevance for catalysis. The third type of coordination was first described by Arnold in 2006 for lanthanide-potassium complexes, in which anionic dicarbenes (NHDC) have both a normal and an abnormal carbene center, 22 N-H function which is usually introduced to obtain high activity (bifunctional catalysis). 49, 50 Since the cationic aNHC complex 2, displaying an NCHN proton, can be considered as an "imidazolium salt", we investigated the reaction of 2 with Ag 2 O in order to achieve deprotonation and coordination of an Ag atom at the C2 carbon of the abnormal carbene ligand (Scheme 2).
To our delight, the hetero-bimetallic anionic dicarbene 3 was cleanly obtained in 92% yield by stirring a suspension of 2 (2 equiv.) and Ag 2 O in CH 2 Cl 2 at RT for 7 days, and was characterized by NMR and single crystal X-ray diffraction (Fig. 2) . 40 The crystal structure of 3 shows that two Ru units are almost linearly (C1-Ag1-C1′ = 167.8(3)°) linked by the Ag1 atom via the anionic dicarbenes. The Ru atoms are coordinated in a pseudo-octahedral geometry, with the same set of ligands as 2. The Ag1-C1 bond length (2.112(5) Å) is slightly longer compared to other Ag carbenes, 51, 52 whereas the Ru1-C2 distance (2.022(5) Å) is similar to that of the related abnormal Ru-aNHC complex 17 and shorter than that of the carbene Ru1-C26 bond − counter ion, a behavior which was reported for other Ag-NHC complexes bearing silver halide anions. 52, 55 It is worth pointing out that the syntheses of 3 and 4 occur under mild reaction conditions without modifying the coordination environment of the cationic aNHC Ru complex 2.
Conclusions
In conclusion, we have reported the first complexes containing an anionic dicarbene ligand connected to two different d-block elements, namely a Ru-Ag and a Ru-Au system. The synthetic pathway entails the use of a cationic abnormal carbene Ru complex, which cleanly undergoes metalation and transmetalation reactions. This Ru derivative was also found to be catalytically active in ketone transfer hydrogenation. Further studies aiming to extend this protocol to the preparation of hetero-bimetallic complexes containing anionic dicarbene ligands via cationic aNHC complexes, and examinations of the catalytic utilization of such compounds are currently underway. We thank the Erasmus STA program and the TUM Graduate School for financial support. 
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